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Background: Many orthodontic clinicians consider indirect bonding of 
orthodontic brackets as a method of achieving greater accuracy and 
effectiveness in orthodontic treatment.  
Currently, few features of our world have escaped the influence of technology. 
The indirect system of orthodontic bonding offers an example of technology’s 
power through a computer-driven system that enables customized bracket 
placement that optimizes esthetics, accuracy, precision and efficiency.  The 
purpose of this study was to compare the positional accuracy and reliability 
between traditional and computer-generated indirect bonding techniques. 
Methods: A total of 210 brackets (STEP metal brackets with slot size .022x.028) 
were placed using a four quadrants, split-mouth randomized controlled trial 
 viii 
(RCT) research design. Of the 210 brackets, 105 were placed on indirect stone 
model set-ups and scanned using an iTero scanner to capture 3D bracket 
positioning data, while the remaining 105 brackets were positioned using the 
newly developed software Maestro 3D Ortho Studio. All the brackets were then 
transferred to the patient’s dentition and scanned using an iTero optical scanner 
to capture the final 3D bracket positioning on the teeth. The positional accuracy 
between traditional stone model and software-driven indirect bonding methods 
was compared by digitally superimposing initial and final bracket positions.  
Differences in bracket positioning were measured using customized software. 
Tukey’s HSD was employed to compare measurement data with the pre-
determined acceptable ranges of +/- 0.5 mm linearly in the Mesial-Distal, Buccal-
Lingual and Occluso-Gindival dimensions. 
Results:  
Overall, the measurements showed a smaller mean deviation for the software-
driven indirect bonding in the bucco-lingual, mesio-distal, and occluso-gingival 
dimensions but neither the computer-generated indirect bonding nor the 
traditional methods possessed a gap of 0.5 mm or greater linearly. 
Conslusions: Both indirect bonding methods are accurate within the specified 
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 Orthodontists continually look for new products and procedures that can 
improve and simplify their techniques, expand clinical effectiveness, and 
enahance patient experience.1 2 3 
Accurate bracket positioning enables the clinician to achieve the best 
treatment outcome in the shortest time and minimizes the need for further 
arch-wire bending and bracket repositioning. 4 5 
The bonding of pre-adjusted orthodontic brackets to the patient’s dentition is 
accomplished by either the direct or the indirect method. The direct method 
involves placing the brackets directly onto the tooth surface. The indirect 
method involves initially placing the brackets onto a dental cast of the 
patient’s teeth, and later transferring the brackets to the patient’s mouth using 
custom made transfer trays or jigs. 
Each of the methods described has its’ own advantages and disadvantages. 
In particular, indirect bonding requires less clinical chair time for the 
orthodontist compared to direct bonding.6 This benefits both patient and 
orthodontist, especially in a busy orthodontic practice where clinical chair time 
is limited. In addition, other investigators7-10have argued that clinicians can 
place brackets more “ideally” using indirect bonding because they complete 
the positioning in a laboratory away from many of the clinical distractions and 
variables that complicate the direct bonding method such as moisture control, 
 2 
patient management, and/or hastened schedule, etc.  
In terms of utilization, Gorelick11 reported that only 17 percent of orthodontists 
used indirect bonding in their practice. Although more clinicians now accept 
and use indirect bonding due to advances in materials and development of 
new techniques, the majority of orthodontists still utilize the direct bonding 
method. 
The disadvantages of indirect bonding include technical reliability, laboratory 
time, obtaining additional casts, increased costs, and possible hygiene 
considerations arising from the remaining flash of bracket adhesive.12 Another 
limitation is the inability to reliably transfer the brackets on the stone model to 
the patient’s dentition. Errors may occur from contaminants and/or soft tissue 
interferences. 
Also, the thickness of the bonding composite applied to the brackets may 
affect bracket positioning. The uncertainties of the transfer present problems 
for clinicians since bracket positioning has a direct influence on both the 
quality and quantity of tooth movement. Improperly positioned brackets cause 
inefficiencies in arch leveling, alignment and movement, which create delays 
in treatment.  
Currently, few features of our world have escaped the influence of technology. 
The indirect system of orthodontic bonding offers an example of technology’s 
power through a computer-driven system that enables customized bracket 
placement that optimizes esthetics, accuracy, precision and efficiency. 
 3 
The purpose of this study was to compare the positional accuracy between 

























Silverman and Cohen13-15 first described indirect bonding in 1972 and 
suggested the possibility of a completely indirect bonded practice as early as 
1974. Regarding Indirect Bonding, the authors stated, “it should take no 
longer than twenty minutes to complete a full strap-up in the mouth in both 
arches, including second molars if desired.”  
Since 1972, the Indirect Bonding technique has been studied widely and 
reported in orthodontic literature. Most of the studies have attempted to 
compare indirect bonding with direct bonding in terms of failures, bond 
strengths, clinical efficiencies, as well as accuracy of placement. 
Recent studies report no significant difference in failure rate when comparing 
direct and indirect bonding.16-18  
To evaluate placement accuracy, most studies have made their comparisons 
based on how well the method achieved bracket placement relative to a pre-
determined “ideal”. “Ideal” bracket placement was typically characterized as 
being the center of the clinical crown as prescribed by many pre-adjusted 
appliances.3,19,20 Studies then used this “ideal” as the standard by which to 
compare bracket positioning produced by either direct or indirect methods. 
The majority of previous investigators have used photographic methods to 
measure the differences in bracket positioning from the ideal.6,21 These have 
mostly been in vitro studies. 
A 1982 study by Aguirre et al.6 found that neither the direct nor indirect 
 5 
method achieved 100 percent accuracy in regards to linear or angular 
placement in comparison to an ideal. In contrast, vertical bracket placement 
showed no statistically significant differences when compared to the ideal 
placement. The only exceptions were the maxillary canines, where the 
indirect method placed the bracket significantly closer to ideal and the 
mandibular second premolars where the direct-bonded brackets were placed 
closer to ideal. Angular bracket placement was statistically different on the 
maxillary and mandibular canines, with the indirect bonded brackets achieving 
more accuracy. Aguirre et al.6 also reported that the time needed to complete 
the indirect bonding procedure, including laboratory time, took significantly 
longer than a direct bonding method. When considering clinical time only, the 
indirect method used significantly less time than the direct technique. 
In 2011, Israel22 compared traditional (direct) and computer-aided (indirect) 
bracket placement by measuring the quality of intra-arch dental alignment at 
the end of simulated orthodontic treatment using artificial teeth in oven-set 
clay. Using the American Board of Orthodontics objective grading system 
(OGS), the post-treatment alignment of both direct and indirect placed 
brackets was evaluated. No significant differences were found in total OGS 
scores between the two methods. The indirect method produced a wider 
range of OGS scores (suggesting a lower level of reliability) and had 
significantly less success in achieving proper alignment and bucco-lingual 
inclination of the maxillary first premolars and less success in properly 
 6 
angulating the mandibular lateral incisors. However, the indirect bonding 
method achieved significantly better alignment of the marginal ridges of the 
maxillary posterior teeth than the direct method. 
In 2004, Hodge and Hodge8 used a photographic method to evaluate the 
accuracy of direct and indirect bracket placement. Their study measured 
bracket positioning from photographic tracings of both a pre-bond stone 
model and a post-bond stone model of the patient’s teeth. The study found no 
difference between mean bracket placement errors for direct or indirect 
methods. The direct method had a wider range of error in the three 
dimensions than the indirect method, particularly true for vertical 
discrepancies, the range of error for the direct technique was 1.81 mm versus 
0.27 mm for the indirect method. Clinicians who directly bonded typically 
placed brackets more gingivally than the ideal position. 
In 2007, Deahl16 criticized previous research comparing the methods as 
mostly laboratory studies with many variables serving as surrogate measures 
for orthodontic success. Research studies should measure variables that 
provide tangible patient benefit. Therefore, a 2007 practice-based comparison 
of direct and indirect bonding found no difference in bond failure rates, total 
treatment times, and numbers of appointments between direct and indirect 
bonding for patients treated in private orthodontic practices. 
Previous investigators have used 2D photographic methods in measuring 
bracket positioning in vitro. 6,21 Throughout history, orthodontic researchers 
 7 
have used 2D images of 3D structures such as cephalometric and panoramic 
radiographs as well as clinical photography. Today, however, 3D imaging 
options, such as CBCT and digital intra-oral scanners, offer clinicians a more 
precise mean to study 3D structures. 23,24 
3D imaging and superimpositions provide appropriate tools to study bracket 
positioning. 
In an in vitro bracket transfer study, Wendl12 used 3D image superimposition 
to measure discrepancies on three axes from initial working models to a final 
plaster model after the indirect transfer. 
The measurement showed a mean deviation of 0.15 mm in the x-axis (mesio-
distal), 0.17 in the y-axis (bucco-lingual), and 0.19 mm along the z-axis 
(vertical). He did not report measurements of tip, rotation, or torque. 
However, orthodontic literature lacks evaluations of bracket transfer from 











PURPOSE OF THIS STUDY 
 
The general aim of this in vivo study proposes to compare the positional 
accuracy between traditional and computer-generated indirect bonding 
techniques. 
Data collected in this study attempted to answer this clinically relevant 
question in two specific ways. First, bracket placement accuracy was 
determined by how often the brackets achieved positions within a 
predetermined range of +/- 0.5 mm linearly. Linear measurement differences 
less than or equal to 0.5 mm were deemed “insignificant”. We chose this 
value in deference of the American Board of Orthodontics certification exam, 
which uses the value of 0.5 mm as the increment of difference and designates 
the deduction points. Second, we examined how often errors occurred along 
the M-D (mesio-distal translation differences), B-L (bucco-lingual translation 












Specific Aim 1: To uncover positional biases within the indirect bonding 
process by examining how often errors occur along the M-D (mesio-distal 
translation difference). 
 
Specific Aim 2: To uncover positional biases within the indirect bonding 
process by examining how often errors occur along the B-L (bucco-lingual 
translation difference). 
 
Specific Aim 3: To uncover positional biases within the indirect bonding 
process by examining how often errors occur along the Vertical (occluso-













Null hypothesis: there is no difference in the accuracy of bracket placement 
produced by the Maestro 3D Ortho Studio software indirect bonding tray and 
















MATERIALS AND METHODS 
 
 The present study was conducted in a clinical setting (Nova Southeastern 
University College of Dental Medicine-Department of Orthodontics and 
Dentofacial Orthopedics), in a laboratory setting (Inman Orthodontic 
Laboratories, Fort Lauderdale, Florida and Ocean Orthodontic Laboratory,  
Jupiter, Florida) and at the Biotechnological research center “Marco Pozzi” 
located inside Leone S.p.a., Sesto Fiorentino, Italy. 
 
 Sample Size and Selection: 
This prospective study was conducted in a clinical setting with 12 subjects, 
seven females and five males. Each subject had up to 20 brackets bonded. 
The brackets were placed using a four quadrant split-mouth randomized 
controlled trial (RCT) research design. The total number of brackets bonded 
was 210.  
The subjects were selected from the general new patient pool at the Post-
Graduate Orthodontic clinic of Nova Southeastern University-College of 
Dental Medicine. Importantly, treatment plans were not affected by 
participation in the study. The present study was approved by the Nova 






   Fabrication of Stone Cast Indirect Set-Up: 
Each subject had two Polyvinyl Siloxane (Aquasil Ultra Monophase, 
Dentsply International, Inc., York, PA) impressions taken of maxillary and 
mandibular dentition. The impressions were sent to Ocean Orthodontic 
Laboratory located in Jupiter, Florida for the fabrication of stone cast indirect 
set-up and to Inman Orthodontic Laboratories for its digital conversion. The 
principal investigator applied a thin layer of Al-Cote (Dentsply International) 
separating medium to the models and allowed to dry for approximately 1 
hour. I then positioned Edgewise orthodontic brackets (STEP metal brackets 
with slot size .022x.028, Leone S.p.a.) at the center of the clinical crowns of 
the stone casts with Transbond XT light cure adhesive (3M Unitek, Saint 
Paul, MN, USA) applied to the bracket base. Excessive composite flash was 
removed from the stone models. After light-curing the casts were scanned 
to capture the initial bracket position data. 
 
 Scanning Stone Cast Initial Bracket Positions: 
The stone casts were scanned using an iTero optical scanner (Model ID 
225B2CB/00, iTero-Align Technology, Inc., Carlstadt NJ), located in the 







Fig. 1:  iTero Optical Scanner 
    
Fabrication of Indirect Transfer Trays: 
 
After the scan, Ocean Orthodontic Laboratory, received the casts for the 
fabrication of the Indirect Bonding Trays (IDB). A Ministar thermoforming 
machine (item number 017-001, Great Lakes Orthodontics, Tonowanda, NY) 
vacu-formed a 1mm layer of Bioplast (Great Lakes Orthodontics), overlayered 
with a 1 mm thick layer of Biocryl (Great Lakes Orthodontics). The bonding 
 14 
tray’s hard outer shell (Figs 2 & 3) was trimmed away from all heights of 




Fig. 2: Stone model Indirect Bonding Trays 




Fig. 3: Detail of stone model IDB tray 
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Software-driven Indirect bonding Set-Up: 
 
The second set of impressions was sent to Inman Orthodontic Laboratories, 
Fort Lauderdale, Florida for digital scanning. After scanning, the digital 
models (Fig.4) were sent to Leone S.p.a. for software-driven bracket 
placement with Maestro 3D Ortho Studio software (Age Solutions S.r.l., Pisa, 
Italy). Once the brackets were virtually placed (Fig. 5), a file was sent to the 
primary investigator to determine the axial inclination of each tooth on the 
digital models and make any required adjustment prior to the completion of 
the transfer tray. (Fig. 6) 
The transfer trays were printed in the laboratory at Leone S.p.a (Sesto 
Fiorentino, Italy) using the 3D printer Connex3-Objet350, characterized by a 
16-micron layer resolution. Once printed, the transfer trays were sent back 
from Italy to the primary investigator. (Figs. 6, 7 & 8) 
 







































 Clinical Bonding Procedure: 
 
Once proper routine isolation was achieved, the teeth were etched with 37% 
phosphoric acid gel for 60 seconds, rinsed with water, and dried until the 
enamel appeared frosted. Assure Universal Bonding Resin (Reliance 
Orthodontic Products, Inc.) was then applied to the facial surface of each 
tooth. (Fig.10) The indirect bonding transfer trays were inserted and seated 
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over the teeth, one quadrant at the time, and held manually with firm finger 
pressure and light cured. The trays were then carefully removed from the 
teeth. The brackets were subsequently inspected to ensure successful 
bonding. Any bonding failure was discarded from the study, as these were re-














Scanning final Bonded Bracket positions In-Vivo: 
 
The final bonded bracket positions were scanned with the iTero scanner. This 
scan acquired the exact locations of the brackets bonded to the patient’s 
teeth. This acquired image of the final bracket position was superimposed 
with the initial in order to compare accuracy of the evaluated methods.  
 
 Superimposition of the digitized models: 
The .STL files of the brackets placed using the Maestro 3D Ortho Studio 
software (Figs.12, 13 &14) were exported along with the .STL files of the 
scans of the brackets bonded intraorally, with the Maestro 3D Easy Dental 
Scan software (version 6.2). The superimposition process consisted on 
defining, manually, three points for each model to superimpose (tripod), along 
 21 
with a precise automatic system that allowed the alignment and 
superimposition of the selected three points of reference. Lastly, the 
Rhinoceros 4 software (Robert McNeel and Associates) was used to identify 
differences in bracket placement between the two different IDB systems  
(Figs. 15 & 16) using the NURBS mathematical model to represent curves 




Fig.12: Maestro 3D Ortho Studio 
 22 
 




Fig. 14: virtual bracket placement, occlusal view 
 23 
 




Fig.16: Lower virtual (white) vs. intraoral bracket placement (red) 
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Before and after indirect bonding transfer: methods of measurement 
The Rhinoceros 4 software was used to measure the mesio-distal translation 
difference (mm), the bucco-lingual translation difference (mm) and the 
occluso/gingival translation difference (mm) between the virtually planned 
brackets (.STL files from the Maestro 3D Ortho Studio software) and the 
brackets bonded intraorally (.STL files from the intraoral scans). 
Each virtually planned bracket was aligned with the origin of the three 
dimensional coordinate system at the center-point of an imaginary rectangle 
constructed on the profile of the bracket’s four wings and with the z-axis 
passing through the long axis of the bracket and the x-axis passing through 









Fig.18: center-point Zero 
 
The same method was used for the intraorally scanned brackets,  
















On the two superimposed brackets (Fig. 21) the mesio-distal translation 
difference was measured by calculating the distance between the z-axis of 
the virtually planned bracket with a point passing perpendicular to the z-axis 














In the same way, the occluso-ginival translation difference (Fig.23) was 
measured by calculating the distance between the x-axis of the virtually 




Fig.23: occluso-gingival translation difference 
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To measure the bucco-lingual difference, the virtually planned bracket 
 (Fig.24) was aligned with center-point Zero of an imaginary rectangle 
constructed on the profile of the two bracket wings, with the y-axis 
perpendicular to the long axis of the bracket, and the x-axis passing through 









Fig.25: center-point Zero 
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The same method was used for brackets scanned intraorally by maintaining 









Fig.27: Axes of reference 
 
 
On the basis of the two superimposed brackets (Fig.28), the bucco-lingual 
difference was measured by calculating the difference between the x-axis of 
 30 
the virtually planned bracket and an orthogonal point passing through the x-

















A mixed, general linear model was created to test for translational differences. 
The fixed factors were group (Leone vs. Traditional). The random effect was 
tooth nested in person. Pairwise comparisons were performed using a Tukey 
adjustment. Descriptive statistics are presented in Table I.  
 
Results are as follows: 
General Aim of the Study: To compare the positional accuracy between 
traditional stone-model indirect bonding and software-driven indirect bonding 
methods. 
 
Neither the software-driven nor stone model-driven methods possessed a gap 
of 0.5 millimeters or greater for the Bucco-Lingual, Mesio-Distal, or Occluso-
Gingival measurements. 
 
Specific Aim 1: To uncover positional biases within the indirect bonding 
process by examining how often errors occur along the M-D (mesio-distal 
translation difference). 
 
Mesio-Distal: There was a statistically significant difference between Leone 
and traditional—C2(1, N=110) = 60.71, p < 0.001. The Leone method was 
0.22 [95% CI: 0.16 to 0.27] millimeters less than traditional indirect bonding 
 32 
method. Thirty-three percent of the variability in translational difference was 
accounted for by the random effect.  
 
Specific Aim 2: To uncover positional biases within the indirect bonding 
process by examining how often errors occur along the B-L (bucco-lingual 
translation difference). 
 
Bucco-Lingual: There was a statistically significant difference between Leone 
and traditional—C2(1, N=110) = 80.56, p < 0.001. The Leone method was 
0.10 [95% CI: 0.07 to 0.11] millimeters less than the traditional indirect 
bonding method. Thirty-two percent of the variability in translational difference 
was accounted for by the random effect.  
 
Specific Aim 3: To uncover positional biases within the indirect bonding 
process by examining how often errors occur along the Vertical (occluso-
gingival translation difference).  
 
Occluso-Gingival: There was a statistically significant difference between 
Leone and traditional—C2(1, N=110) = 57.03, p < 0.001. The Leone method 
was 0.26 [95% CI: 0.18 to 0.31] millimeters less than traditional indirect 
bonding method. Thirty-seven percent of the variability in translational 
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   0.116	   0.120	   	  	  
	  	   33	   0.126	   0.253	   0.052	   	  	  
	  	   34	   0.163	   0.045	   0.125	   	  	  
	  	   35	   0.141	   0.033	   0.127	   	  	  
	  	   41	   0.203	   0.148	   0.518	   	  	  
	  	   42	   0.313	   0.092	   0.180	   	  	  
	  	   43	   0.132	   0.081	   0.163	   	  	  
	  	   44	   0.228	   0.495	   0.486	   	  	  
	  	   45	   0.281	   0.306	   0.096	   	  	  
	   	   	   	   	   	  
	  	   	  	   	  	   	  	   	  	   	  	  
 







	  	   	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  CASE	  02	  
	   	  	   	  	  
	  	  
	  
Difference	  in	  Traslation	   	  	   	  	   	  	  
	  	  
Tooth	  #	   Bucco-­‐	   Mesio-­‐	   Occluso-­‐	  
	  	  Lingual	   Distal	   Gingival	  
	  	   11	   0.069	   0.055	   0.037	   	  	  
	  	   12	   0.138	   0.042	   0.126	   	  	  
	  	   13	   0.022	   0.120	   0.198	   	  	  
	  	   14	   0.185	   0.256	   0.082	   	  	  
	  	   15	   0.028	   0.029	   0.203	   	  	  
	  	   21	   0.234	   0.076	   0.518	   	  	  
	  	   22	   0.268	   0.370	   0.098	   	  	  
	  	   23	   0.331	   0.329	   0.609	   	  	  
	  	   24	   0.176	   0.565	   0.688	   	  	  
	  	   25	   0.344	   0.256	   0.093	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.056	   0.048	   0.062	   	  	  
	  	   32	   0.041	   0.055	   0.129	   	  	  
	  	   33	   0.064	   0.203	   0.122	   	  	  
	  	   34	   0.069	   0.073	   0.206	   	  	  
	  	   35	   0.085	   0.058	   0.221	   	  	  
	  	   41	   0.195	   0.376	   0.761	   	  	  
	  	   42	   0.193	   0.155	   0.619	   	  	  
	  	   43	   0.343	   0.509	   0.238	   	  	  
	  	   44	   0.309	   0.201	   0.450	   	  	  
	  	   45	   0.121	   0.627	   0.691	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
 













	  	   	  	  
	  	  	  	  	  	  	  	  	  CASE	  03	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  







Gingival	   	  	  
	  	   11	   0.069	   0.032	   0.090	   	  	  
	  	   12	   0.157	   0.031	   0.205	   	  	  
	  	   13	   0.033	   0.113	   0.079	   	  	  
	  	   14	   0.123	   0.072	   0.046	   	  	  
	  	   15	   0.044	   0.048	   0.199	   	  	  
	  	   21	   0.274	   0.038	   0.356	   	  	  
	  	   22	   0.225	   0.606	   0.295	   	  	  
	  	   23	   0.177	   0.649	   0.567	   	  	  
	  	   24	   0.231	   0.170	   0.375	   	  	  
	  	   25	   0.285	   0.301	   0.257	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.040	   0.135	   0.107	   	  	  
	  	   32	   0.047	   0.128	   0.143	   	  	  
	  	   33	   0.036	   0.027	   0.188	   	  	  
	  	   34	   0.155	   0.043	   0.165	   	  	  
	  	   35	   0.090	   0.120	   0.224	   	  	  
	  	   41	   0.110	   0.287	   0.403	   	  	  
	  	   42	   0.189	   0.259	   0.293	   	  	  
	  	   43	   0.167	   0.295	   0.075	   	  	  
	  	   44	   0.302	   0.290	   0.357	   	  	  
	  	   45	   0.216	   0.175	   0.341	   	  	  
 
 







	  	   	  	  
	  	  	  	  	  	  	  	  	  	  CASE	  04	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.036	   0.109	   0.138	   	  	  
	  	   12	   0.098	   0.034	   0.084	   	  	  
	  	   13	   0.038	   0.080	   0.168	   	  	  
	  	   14	   0.162	   0.190	   0.246	   	  	  
	  	   15	   0.052	   0.036	   0.227	   	  	  
	  	   21	   0.166	   0.428	   0.407	   	  	  
	  	   22	   0.245	   0.608	   0.421	   	  	  
	  	   23	   0.329	   0.737	   0.788	   	  	  
	  	   24	   0.209	   0.832	   0.877	   	  	  
	  	   25	   0.329	   0.408	   0.645	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   	  	   	  	   	  	   	  	  
	  	   32	   	  	   	  	   	  	   	  	  
	  	   33	   	  	   	  	   	  	   	  	  
	  	   34	   	  	   	  	   	  	   	  	  
	  	   35	   	  	   	  	   	  	   	  	  
	  	   41	   	  	   	  	   	  	   	  	  
	  	   42	   	  	   	  	   	  	   	  	  
	  	   43	   	  	   	  	   	  	   	  	  
	  	   44	   	  	   	  	   	  	   	  	  
	  	   45	   	  	   	  	   	  	   	  	  
 
 
Fig. 33: B-L, M-D, O-G measurements 
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  CASE	  05	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.076	   0.152	   0.240	   	  	  
	  	   12	   0.038	   0.052	   0.288	   	  	  
	  	   13	   0.107	   0.058	   0.090	   	  	  
	  	   14	   0.059	   0.120	   0.155	   	  	  
	  	   15	   0.065	   0.049	   0.283	   	  	  
	  	   21	   0.205	   0.150	   0.222	   	  	  
	  	   22	   0.267	   0.339	   0.045	   	  	  
	  	   23	   0.229	   0.240	   0.387	   	  	  
	  	   24	   0.207	   0.591	   0.614	   	  	  
	  	   25	   0.314	   0.413	   0.378	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.107	   0.157	   0.059	   	  	  
	  	   32	   0.168	   0.033	   0.097	   	  	  
	  	   33	   0.121	   0.128	   0.066	   	  	  
	  	   34	   0.350	   0.172	   0.123	   	  	  
	  	   35	   0.147	   0.093	   0.294	   	  	  
	  	   41	   0.157	   0.023	   0.381	   	  	  
	  	   42	   0.305	   0.302	   0.287	   	  	  
	  	   43	   0.287	   0.402	   0.488	   	  	  
	  	   44	   0.333	   0.802	   0.091	   	  	  
	  	   45	   0.287	   0.460	   0.483	   	  	  
 
 




	  	   	  	  	  	  
	  	  	  	  	  	  	  	  	  	  CASE	  06	  
	   	  	   	  	  
	  	   	  	   SCOSTAMENTO	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.048	   0.112	   0.093	   	  	  
	  	   12	   0.123	   0.061	   0.147	   	  	  
	  	   13	   0.077	   0.144	   0.185	   	  	  
	  	   14	   0.058	   0.039	   0.136	   	  	  
	  	   15	   0.039	   0.118	   0.174	   	  	  
	  	   21	   0.031	   0.038	   0.304	   	  	  
	  	   22	   0.037	   0.361	   0.402	   	  	  
	  	   23	   0.142	   0.130	   0.459	   	  	  
	  	   24	   0.151	   0.654	   0.629	   	  	  
	  	   25	   0.036	   0.269	   0.252	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.033	   0.052	   0.064	   	  	  
	  	   32	   0.126	   0.149	   0.108	   	  	  
	  	   33	   0.066	   0.151	   0.079	   	  	  
	  	   34	   0.080	   0.063	   0.087	   	  	  
	  	   35	   0.155	   0.072	   0.121	   	  	  
	  	   41	   0.131	   0.263	   0.205	   	  	  
	  	   42	   0.087	   0.076	   0.314	   	  	  
	  	   43	   0.140	   0.248	   0.295	   	  	  
	  	   44	   0.241	   0.321	   0.317	   	  	  
	  	   45	   0.249	   0.057	   0.344	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
   
Fig.35: B-L, M-D, O-G measurements 
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  CASE	  07	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.195	   0.142	   0.129	   	  	  
	  	   12	   0.032	   0.097	   0.126	   	  	  
	  	   13	   0.098	   0.253	   0.151	   	  	  
	  	   14	   0.065	   0.074	   0.178	   	  	  
	  	   15	   0.196	   0.034	   0.617	   	  	  
	  	   21	   0.258	   0.339	   0.150	   	  	  
	  	   22	   0.148	   0.731	   0.126	   	  	  
	  	   23	   0.141	   0.297	   0.851	   	  	  
	  	   24	   0.213	   0.094	   0.737	   	  	  
	  	   25	   0.263	   0.236	   0.799	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.065	   0.042	   0.123	   	  	  
	  	   32	   0.108	   0.033	   0.111	   	  	  
	  	   33	   0.127	   0.155	   0.062	   	  	  
	  	   34	   0.138	   0.139	   0.079	   	  	  
	  	   35	   0.042	   0.064	   0.145	   	  	  
	  	   41	   0.280	   0.058	   0.406	   	  	  
	  	   42	   0.053	   0.223	   0.050	   	  	  
	  	   43	   0.180	   0.102	   0.363	   	  	  
	  	   44	   0.259	   0.064	   0.817	   	  	  
	  	   45	   0.277	   0.255	   0.524	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
 
 







	  	   	  	  
	  	  	  	  	  	  	  	  	  	  	  CASE	  09	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   	  	   	  	   	  	   	  	  
	  	   12	   	  	   	  	   	  	   	  	  
	  	   13	   	  	   	  	   	  	   	  	  
	  	   14	   	  	   	  	   	  	   	  	  
	  	   15	   	  	   	  	   	  	   	  	  
	  	   21	   	  	   	  	   	  	   	  	  
	  	   22	   	  	   	  	   	  	   	  	  
	  	   23	   	  	   	  	   	  	   	  	  
	  	   24	   	  	   	  	   	  	   	  	  
	  	   25	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.031	   0.128	   0.058	   	  	  
	  	   32	   0.099	   0.232	   0.166	   	  	  
	  	   33	   0.048	   0.082	   0.178	   	  	  
	  	   34	   0.055	   0.049	   0.132	   	  	  
	  	   35	   0.107	   0.073	   0.155	   	  	  
	  	   41	   0.248	   0.062	   0.054	   	  	  
	  	   42	   0.217	   0.558	   0.055	   	  	  
	  	   43	   0.215	   0.562	   0.203	   	  	  
	  	   44	   0.278	   0.167	   0.124	   	  	  
	  	   45	   0.343	   0.576	   0.439	   	  	  
 
 




	  	   	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  CASE	  10	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.093	   0.055	   0.164	   	  	  
	  	   12	   0.032	   0.078	   0.047	   	  	  
	  	   13	   0.087	   0.107	   0.063	   	  	  
	  	   14	   0.147	   0.145	   0.061	   	  	  
	  	   15	   0.107	   0.139	   0.111	   	  	  
	  	   21	   0.230	   0.034	   0.333	   	  	  
	  	   22	   0.143	   0.526	   0.054	   	  	  
	  	   23	   0.039	   0.213	   0.093	   	  	  
	  	   24	   0.082	   0.414	   0.394	   	  	  
	  	   25	   0.083	   0.119	   0.257	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.080	   0.049	   0.139	   	  	  
	  	   32	   0.107	   0.113	   0.062	   	  	  
	  	   33	   0.126	   0.078	   0.090	   	  	  
	  	   34	   0.138	   0.126	   0.121	   	  	  
	  	   35	   0.178	   0.091	   0.113	   	  	  
	  	   41	   0.109	   0.066	   0.072	   	  	  
	  	   42	   0.034	   0.061	   0.496	   	  	  
	  	   43	   0.121	   0.057	   0.483	   	  	  
	  	   44	   0.285	   0.594	   0.572	   	  	  
	  	   45	   0.177	   0.611	   0.597	   	  	  
 
 
Fig. 38: B-L, M-D, O-G measurements 









	  	   	  	  
	  	  	  	  	  	  	  	  	  	  	  CASE	  11	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.144	   0.147	   0.167	   	  	  
	  	   12	   0.083	   0.113	   0.085	   	  	  
	  	   13	   0.166	   0.106	   0.732	   	  	  
	  	   14	   0.108	   0.189	   0.077	   	  	  
	  	   15	   0.147	   0.141	   0.162	   	  	  
	  	   21	   0.065	   0.128	   0.207	   	  	  
	  	   22	   0.049	   0.226	   0.186	   	  	  
	  	   23	   0.252	   0.301	   0.673	   	  	  
	  	   24	   0.343	   0.331	   0.829	   	  	  
	  	   25	   0.277	   0.299	   0.917	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.127	   0.052	   0.077	   	  	  
	  	   32	   0.155	   0.106	   0.111	   	  	  
	  	   33	   0.059	   0.207	   0.087	   	  	  
	  	   34	   0.131	   0.121	   0.063	   	  	  
	  	   35	   0.157	   0.113	   0.074	   	  	  
	  	   41	   0.088	   0.128	   0.145	   	  	  
	  	   42	   0.153	   0.307	   0.364	   	  	  
	  	   43	   0.131	   0.429	   0.514	   	  	  
	  	   44	   0.277	   0.563	   0.555	   	  	  
	  	   45	   0.259	   0.184	   0.771	   	  	  
 
 






	  	   	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  CASE	  12	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   	  	   	  	   	  	   	  	  
	  	   12	   	  	   	  	   	  	   	  	  
	  	   13	   	  	   	  	   	  	   	  	  
	  	   14	   	  	   	  	   	  	   	  	  
	  	   15	   	  	   	  	   	  	   	  	  
	  	   21	   	  	   	  	   	  	   	  	  
	  	   22	   	  	   	  	   	  	   	  	  
	  	   23	   	  	   	  	   	  	   	  	  
	  	   24	   	  	   	  	   	  	   	  	  
	  	   25	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.085	   0.112	   0.122	   	  	  
	  	   32	   0.064	   0.102	   0.079	   	  	  
	  	   33	   0.196	   0.068	   0.092	   	  	  
	  	   34	   0.138	   0.106	   0.033	   	  	  
	  	   35	   0.162	   0.041	   0.155	   	  	  
	  	   41	   0.225	   0.523	   0.551	   	  	  
	  	   42	   0.185	   0.127	   0.443	   	  	  
	  	   43	   0.047	   0.379	   0.104	   	  	  
	  	   44	   0.213	   0.074	   0.292	   	  	  
	  	   45	   0.131	   0.064	   0.511	   	  	  
 
 
Fig. 40: B-L, M-D, O-G measurements 
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  CASE	  12	  
	   	  	   	  	  
	  	   	  	  
Difference	  in	  
Translation	   	  	   	  	   	  	  
	  	  





Gingival	   	  	  
	  	   11	   0.038	   0.063	   0.122	   	  	  
	  	   12	   0.085	   0.133	   0.071	   	  	  
	  	   13	   0.031	   0.058	   0.126	   	  	  
	  	   14	   0.185	   0.097	   0.118	   	  	  
	  	   15	   0.168	   0.096	   0.105	   	  	  
	  	   21	   0.179	   0.450	   0.202	   	  	  
	  	   22	   0.091	   0.422	   0.156	   	  	  
	  	   23	   0.145	   0.369	   0.134	   	  	  
	  	   24	   0.153	   0.209	   0.151	   	  	  
	  	   25	   0.094	   0.080	   0.122	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
	  	   31	   0.088	   0.115	   0.074	   	  	  
	  	   32	   0.042	   0.021	   0.108	   	  	  
	  	   33	   0.062	   0.077	   0.052	   	  	  
	  	   34	   0.101	   0.073	   0.111	   	  	  
	  	   35	   0.148	   0.134	   0.099	   	  	  
	  	   41	   0.167	   0.156	   0.118	   	  	  
	  	   42	   0.092	   0.128	   0.334	   	  	  
	  	   43	   0.262	   0.287	   0.073	   	  	  
	  	   44	   0.214	   0.075	   0.295	   	  	  
	  	   45	   0.234	   0.319	   0.476	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	  
 
 
Fig. 41: B-L, M-D, O-G measurements 
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  Leone Traditional 
Bucco- 
Lingual 
Mean 0.10 0.20 
SD 0.05 0.09 
Min 0.02 0.03 
Max 0.35 0.34 
    
Mesio- 
Distal 
Mean 0.10 0.32 
SD 0.06 0.22 
Min 0.02 0.02 
Max 0.26 0.83 
    
Occluso- 
Gingival 
Mean 0.13 0.39 
SD 0.07 0.22 
Min 0.03 0.05 
Max 0.62 0.88 
 
 





Table II: Mesio-distal mean plot with 95% standard confidence intervals 
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Table III: Bucco-lingual mean plot with 95% confidence intervals 
 
 





In an effort to improve patient treatment outcomes, orthodontists are 
cautiously moving from an analog, reactive, and standardized approach to a 
digital, proactive, and customized approach. This digital platform is enabled 
by technologies such as 3D imaging, computer-aided design software, and 
robotic and 3D printing. 25 
The present study compared the positional accuracy between traditional 
stone model-driven indirect bonding with a newly developed software-driven 
indirect bonding technique that provides clinicians with the ability to simulate 
and evaluate the effect of bracket position on target teeth, as well as the 
possibility to fabricate an indirect bonding tray with 3D stereolithographic 
printing technology.  
Due to improvements in precision, detail, and surface finish, 3D printing 
recently found increasing use in medical and dental applications such as 
hearing aid molds, dental crowns and prosthetic limbs.26 27 23 28 Nevertheless, 
the newly developed Maestro 3D Ortho Studio software provides doctors with 
unrestricted multiplanar views allowing clinicians to understand tooth 
morphology  and how it affects bracket positioning. 
For the present study, we based our effect size calculation on the work of 
Israel et al.22 and Bozelli et al.17 We used as our basis for sampling the tooth, 
rather than the subject, as it is the smallest unit of analysis.  
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 Both indirect bonding methods were done using a split-mouth design to 
eliminate the bias between right and left side and between upper and lower 
bonding.  
No bonding failures were observed for either of the two methods, however 
this study excluded bonding of upper and lower molars which previous 
research has shown to have higher bonding failure rates compared to anterior 
brackets.29  
The accuracy of the indirect bracket transfer was assessed by superimposing 
the initial and final bracket position in a Cartesian coordinate system. Overall, 
the measurements showed a smaller mean deviation for the software-driven 
indirect bonding in the mesio-distal, bucco-lingual, and occluso-gingival 
dimensions but neither the computer-generated indirect bonding nor the 
traditional methods had a gap of 0.5 mm or greater accepting the null 
hypothesis that no difference greater or equal to 0.5 mm linearly exists 
between bracket positioning done with a 3D printed indirect bonding tray 
guided by the Maestro 3D Ortho Studio software, and a traditional indirect 
bonding tray fabricated on a stone model.   
The results from this study are similar to the findings of Wendl et al.12 
regarding the accuracy of indirect bracket placement. Wendl et al12 reported a 
mean deviation of 0.15 mm in the x-axis (mesio-distal), 0.17 mm in the y-axis 
(bucco-lingual), and 0.19 mm along the z-axis (vertical) when measuring 
discrepancies on three axes from initial working models to a final plaster 
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model after the indirect transfer. However, methodological differences make it 
difficult to compare the present results with those of other studies. For 
example, Aguirre et al.6 and Balut et al.30 did not consider mesio-distal errors 
although clinically such errors can cause rotational irregularities. Furthermore, 
previous investigators compared accuracy of bracket placement using 2D 
photographic methods, resulting in a lack of evaluations of bracket transfer 
accuracy from stone model to teeth in vivo. 
The methods used in the study present an innovative procedure to evaluate 
indirect bonding transfer accuracy in vivo with digital 3D imaging. The benefit 
of using digitally acquired 3D surface data versus photographically acquired 
image data of bracket positioning errors is that it allows for precise and 
repeatable measurements in all dimensions. In addition, the methods allowed 
for data to be acquired without any radiation exposure and without any 
additional appointments. 
The single-operator nature of the clinical bonding procedure allowed for more 
control and reduced variability of the intra-oral technique.  
Moreover, the software-driven indirect bonding method allows clinicians to 
bond with virgin bracket bases that are not contaminated with resin or cast 
material, which might reduce bond strength or even disrupt the first-order 
position of the tooth because of the extra bonding material.  
Future studies regarding the transfer accuracy of indirect bonding techniques 
should be carried out to further expand our understanding of this process. 
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Alternative indirect bonding methods such as rigid trays, bi-laminar trays, 
and/or customized single-tooth jigs should be evaluated  
With the development of new digital 3D scanning technologies, more reliable 
data gathering could be possible for future studies of this kind. Being able to 
gather more complete and accurate volumetric data will only improve our 
ability to measure differences in bracket positioning due to indirect bonding 
transfer error. Technological advances such as digitally generated customized 
archwires may make indirect bonding more attractive to practicing 
orthodontists. Using a 3D digital scan of the indirect bracket positioning on the 
stone models, a clinician may also be able to fabricate a customized archwire 











• The software-driven and stone-model driven indirect bonding methods 
investigated in this study were accurate within the specified acceptable 
boundaries of +/- 0.05 mm linearly.  
• In the mesio-distal, bucco- lingual, and occluso-gingival dimensions the 
software-driven indirect bonding method was 0.22, 0.10, and 0.26 mm 
less than the traditional stone-model driven indirect bonding method, 
respectively. 
• For each of the 3 linear dimensions, average bracket positioning was 















1. Newman GV. Direct and indirect bonding of brackets. J. Clin. Orthod. 
1974;8(5):264-272. 
 
2. Brandt S, Servoss JM, Wolfson J. Practical methods of bonding direct 
and indirect. J. Clin. Orthod. 1975;9(10):610-621, 624-635. 
 
3. McLaughlin D. Bonding in orthodontics - with emphasis on the 
indirect method. Int. J. Orthod. 1977;15(2):6-21. 
 
4. Moin K. Indirect bonding of orthodontic attachments. Am. J. Orthod. 
1977;72(3):261-275. 
 
5. Palmer ME. Indirect-direct bonding in multibracket practice. Dent. 
Update. 1977;4(6):345-351. 
 
6. Aguirre MJ, King GJ, Waldron JM. Assessment of bracket placement 
and bond strength when comparing direct bonding to indirect bonding 
techniques. Am. J. Orthod. 1982;82(4):269-276. 
 
7. White LW. A new and improved indirect bonding technique. J. Clin. 
Orthod. 1999;33(1):17-23. 
 
8. Hodge TM, Dhopatkar AA, Rock WP, Spary DJ. A randomized clinical 
trial comparing the accuracy of direct versus indirect bracket 
placement. J. Orthod. 2004;31(2):132-137. 
 
9. White L. Creating certainty and confidence with indirect bonding. 
World J. Orthod. 2009;10(2):117-122. 
 
10. Nichols DA, Gardner G, Carballeyra AD. Reproducibility of bracket 
positioning in the indirect bonding technique. Am. J. Orthod. 
Dentofacial Orthop. 2013;144(5):770-776. 
 
11. Gorelick L. Bonding/the state of the art. A national survey. J. Clin. 
Orthod. 1979;13(1):39-53. 
 
12. Wendl B, Droschl H, Muchitsch P. Indirect bonding--a new transfer 
method. Eur. J. Orthod. 2008;30(1):100-107. 
 
13. Cohen M, Silverman E. Direct versus indirect bonding. Am. J. Orthod. 
1979;75(2):212-217. 
 53 
14. Silverman E, Cohen M, Gianelly AA, Dietz VS. A universal direct 
bonding system for both metal and plastic brackets. Am. J. Orthod. 
1972;62(3):236-244. 
 
15. Silverman E, Cohen M. A report on a major improvement in the 
indirect bonding technique. J. Clin. Orthod. 1975;9(5):270-276. 
 
16. Deahl ST, Salome N, Hatch JP, Rugh JD. Practice-based comparison 
of direct and indirect bonding. Am. J. Orthod. Dentofacial Orthop. 
2007;132(6):738-742. 
 
17. Bozelli JV, Bigliazzi R, Barbosa HA, Ortolani CL, Bertoz FA, Faltin 
Junior K. Comparative study on direct and indirect bracket bonding 
techniques regarding time length and bracket detachment. Dental 
Press J. Orthod. 2013;18(6):51-57. 
 
18. Swetha M, Pai VS, Sanjay N, Nandini S. Indirect versus direct 
bonding--a shear bond strength comparison: an in vitro study. J. 
Contemp. Dent. Pract. 2011;12(4):232-238. 
 
19. McLaughlin RP, Bennett JC. Finishing and detailing with a preadjusted 
appliance system. J. Clin. Orthod. 1991;25(4):251-264. 
 
20. Andrews LF. The straight-wire appliance, origin, controversy, 
commentary. J. Clin. Orthod. 1976;10(2):99-114. 
 
21. Koo BC, Chung CH, Vanarsdall RL. Comparison of the accuracy of 
bracket placement between direct and indirect bonding techniques. 
Am. J. Orthod. Dentofacial Orthop. 1999;116(3):346-351. 
 
22. Israel M, Kusnoto B, Evans CA, Begole E. A comparison of traditional 
and computer-aided bracket placement methods. Angle Orthod. 
2011;81(5):828-835. 
 
23. Brown MW, Koroluk L, Ko CC, Zhang K, Chen M, Nguyen T. 
Effectiveness and efficiency of a CAD/CAM orthodontic bracket 
system. Am. J. Orthod. Dentofacial Orthop. 2015;148(6):1067-1074. 
 
24. El-Timamy AM, El-Sharaby FA, Eid FH, Mostafa YA. Three-
dimensional imaging for indirect-direct bonding. Am. J. Orthod. 





25. Shtenberg Y, Goldfeder M, Schroeder A, Bianco-Peled H. Alginate 
modified with maleimide-terminated PEG as drug carriers with 
enhanced mucoadhesion. Carbohydrate Polymers. 
2017;175(Supplement C):337-346. 
 
26. Garino F, Garino GB. Computer-aided interactive indirect bonding. 
Prog. Orthod. 2005;6(2):214-223. 
 
27. Dalessandri D, Dalessandri M, Bonetti S, Visconti L, Paganelli C. 
Effectiveness of an indirect bonding technique in reducing plaque 
accumulation around braces. Angle Orthod. 2012;82(2):313-318. 
 
28. Lai ML, Mah J. Precision of bracket placement on dental models. J. 
Clin. Orthod. 2009;43(8):524-528. 
 
29. Vijayakumar RK, Jagadeep R, Ahamed F, Kanna A, Suresh K. How 
and why of orthodontic bond failures: An in vivo study. J. Pharm. 
Bioallied Sci. 2014;6(Suppl 1):S85-89. 
 
30. Balut N, Klapper L, Sandrik J, Bowman D. Variations in bracket 
placement in the preadjusted orthodontic appliance. Am. J. Orthod. 
Dentofacial Orthop. 1992;102(1):62-67. 
 
